Clinical application of cytotoxic T lymphocytes (CTL) induced in vitro is extensively used for the treatment of viral infection and malignant diseases. We produced anti H-2 d CTL in vitro from C57BL/6 (B6) splenocytes presensitized with (B6 × DBA/2) F1 (BDF1) splenocytes to establish a model system of CTL therapy. The specificity and cytotoxic activity were high enough (E/T ratio 1:1 = 38.8%) to induce graft versus host reaction. Though the total number of B6 splenocytes decreased by 0.27 during the 4 days of culture, the number of CD8+ lymphocytes increased 1.3-fold. When more than 5 × 10 6 cells of H-2 d -reactive CTL were transplanted into BDF1 mice, mice died within 2 days postinduction. This lethal effect was not seen in the mice induced with ConA-stimulated T cells. Histological examination of the lungs and liver revealed massive infiltration of neutrophils in alveoli and the necrosis of hepatocytes. Therefore, this protocol was shown to be effective to produce alloantigen-specific CTLs and applicable to in vitro manipulation such as retrovirusmediated gene transfer.
INTRODUCTION
reaction on host hematopoiesis (9). Systemic transfer of 5 × 10 7 of C57BL/6 (B6) splenocytes into (B6 × DBA/ Cell therapy using lymphocytes has been gaining 2) F1 mice (BDF1) did not result in skin, gastrointestiwide attention. Donor lymphocyte transfusion (DLI) is nal, or liver symptoms, which are typical symptoms in found to be effective for leukemic relapse and viral inacute GVHD. However, it reduced peripheral blood cell fections after allogeneic hematopoietic stem cell transcounts, the number of bone marrow cells, and CFU-GM plantation (7) . The clinical application of cytotoxic T 2 weeks after transfer. In this study, we used this system lymphocytes (CTL) manipulated in vitro for a variety of to analyze the effect of the in vitro amplified alloantimalignancies and infections, including the EB virus and gen-reactive CTL induction on host tissues and to exam-CMV, is in progress (12). Moreover, the clinical appliine the problems in cell therapy. When 5 × 10 7 of B6 cation of gene therapy enhancing immune function with splenocytes cultured with ConA were transfer into the transduction of cytokine genes and co-stimulation BDF1 mice, they did not show skin, gastrointestinal, or molecule genes has begun (1). The transduction of suiliver impairment. However, only 5 × 10 6 of in vitro stimcide gene [herpes simplex virus thymidine kinase ulated CTL had lethal effects on the hosts within 2 days (HSV-TK) gene] into CTL is shown to be effective in after the transplantation. controlling the graft versus host (GVH) reaction during therapeutic GVL effect outside the body (2). The mecha-MATERIALS AND METHODS nism of GVH reaction, the influence of CTL on the host, Mice and the control of the suicide gene postinduction outside
The female mice of an inbred C57BL/6 (B6) (H-2 b ), the body need further examination through animal ex-B6 × DBA/2 (BDF1) strain were obtained from Nippon periments.
Clea Inc. (Tokyo, Japan). These mice were maintained A murine parent into F1 (P to F1) model is useful in in specific pathogen-free conditions. Six-to 8-week-old understanding the mechanism of GVHD, and we have mice were used for all experiments. used this system in understanding the effect of GVH 410 SATO ET AL. Figure 1 . The surface phenotype of lymphocytes. Spleen cells from untreated B6 mice, spleen cells from B6 mice injected with BDF1 spleen cells, and spleen cells cultured for 4 days with irradiated BDF1 cells were analyzed for their CD3, CD4, and CD8 expressions.
Induction of CTL In Vitro
performed using P815 (H-2 d ) and MBL-2 (H-2 b ) as target cells (10). Cells were obtained from ATCC. Spleens were used as the source of T lymphocytes. Single-cell suspensions were prepared by serial passages GVHD Induction through a 25-gauge needle. After red blood cell lysis,
The CTLs induced in vitro were washed with PBS spleen cells were resuspended in phosphate-buffered saand transferred into BDF1 mice via a tail vein injection. line (PBS). Spleen cells of BDF1 (H-2 b/d ) mice (2 × 10 7
Age-matched uninjected BDF1 mice were used as concells) were injected into B6 (H-2 b ) mice (6-8 weeks old) trol. twice 2 weeks apart and alloantigen-reactive CTL was induced in vivo. Splenocytes of prestimulated B6 mice RESULTS were then mixed with irradiated BDF1 splenocytes at a Phenotype of the Induced CTL Cells 2:1 ratio and cultured in RPMI-1640 supplemented with
The injection of BDF1 spleen cells resulted in a sig-10% FCS and rIL-2 (100 U/ml) (Sigma) at 37°C for 4 nificant increase in spleen weight and the percentage of consecutive days. As a control, splenocytes of prestimu-CD3+ and CD8+ T lymphocytes (26.7 ± 2.7 vs. 33.1 ± lated B6 mice were cultured in RPMI-1640 supple-3.5, 9.7 ± 1.2 vs. 15.2 ± 2.3, respectively) in B6 mice mented with 10% FCS, rIL-2 (100 U/ml), and ConA (Fig. 1 ). When these cells were further cultured in the (1.0 µg/ml) (Sigma) at 37°C for 4 consecutive days.
presence of irradiated BDF1 spleen cells, the total num-Cell Staining for Flow Cytometry ber of B6 spleen cells was reduced by 27%. However, the ratio of CD4 to CD8 became as low as 0.12, indicat-Briefly, cells were suspended with PBS containing that 90% of all T cells became CD8+ cells. The ing 2% fetal bovine serum (FBS; Gibco BRL) and CD8+ T lymphocytes during culture were increased by 0.1% NaN 3 and incubation for cell staining was carried 1.3-fold. out on ice for 30 min. Fluorescein isothiocyanate (FITC)-conjugated monoclonal antibody for murine Cytotoxicity of the CTLs CD4 (GK1.5, rat IgG2b), CD8 (53-6.7, rat IgG2a), and
Although the number of B6 CD8+ cells increased phycoerythrin (PE)-conjugated anti-CD3 (17A2, rat after the injection of BDF1 spleen cells, the cytotoxic IgG2b) were used (Pharmingen, San Diego, CA). The activity towards alloantigen (H-2 d ) was 10.4% at 1.0 of surface markers of the cells were analyzed by FACSCal-E/T ratio (Fig. 2) . However, spleen cells stimulated in ibur using Cell Quest Software (Becton Dickinson, vitro for 4 days lysed 38.8% of the target cells at 1.0 of Mountain View, CA). E/T ratio. Both of these cell groups were unreactive to Measurement of CTL Activation isoantigen (H-2 b ). This result indicates that in vitro stimulation was highly effective in producing allo-reactive CTL activation was measured according to the manufacturer's instructions and chromium release assay was CTLs. jected into BDF1 mice with 50 × 10 6 cells/mice, no apparent GVHD symptoms were seen in the target organs, REFERENCES such as the skin, intestine, and liver (data not shown), spleen cells exhibited lethal effect on the host. All BDF1 157; 1997. mice injected with 50 × 10 6 cells (n = 3) and 10 × 10 6
